. gr-Ru(0001) moiré pattern. Table S1 . TCNQ-CH 2 CN binding energies in the gas phase calculations. Supplementary Materials Section S1. gr-Ru(0001) structure and growth
The difference in lattice parameter between graphene and the different metal substrates causes the appearance of moiré patterns with a range of apparent vertical corrugations and lateral periodicities with respect to the basic graphene structure (41) (42) (43) (44) (45) .In-situ scanning tunneling microscopy (STM) imaging of graphene monolayers on Ru(0001) reveals periodic corrugations with (12×12) (41, 46) , and surface X-ray diffraction (XRD) experiments give a (25×25) periodicity based on the distortion of the first Ru layer under graphene (47). The graphene carbon atoms on the gr-Ru(0001) surface are electronically inequivalent as reflected in the X-ray photoelectron spectroscopy C 1s core levels, which show two peaks, i.e. two differently bonded C atoms (20) . From the surface periodicity and considering only the first atomic ruthenium layer and the graphene layer, the (12×12) moiré structure contains all the relevant registry configurations for this system. Figure S1 shows a representative image of the gr-Ru(0001) surface. In the image, it is possible to distinguish two periodicities; the shortest one is the atomic resolution corresponding to the graphene atomic lattice, while the largest periodicity, almost 3nm, corresponds to the moiré unit cell (12×12). The change in this registry within the moiré unit cell produces a spatial modulation in the interaction between the C and the Ru atoms, going from a weak van der Waals interaction in the high areas, i.e., the bumps in the STM images, to strong covalent interaction in the low areas (28).
The bright protrusions in the image correspond to the areas where all carbon atoms are placed above threefold hollow sites of the Ru surface, as can be seen in the purple circle, and are called Atop areas. Conversely, in the low areas (darker regions in fig. S1 ) three C atoms are placed on top of the Ru surface atoms, whereas the other three C atoms are placed above threefold hollow sites. Within the low areas of the moiré it is possible to distinguish two different zones called FCC-Top (blue circle in the lower panels and solid blue line triangle in the upper panel of fig. S1 ) and HCP-Top (green circle and solid green line in fig. S1 ) depending on the stacking with the second Ru layer of the three carbons in threefold hollow sites. STM topographic images acquired using bias voltages of few mV, as shown in fig. S1 , reveal a difference in the apparent height between the FCC-Top and the HCP-Top areas of the moiré, with the HCP-Top regions being apparently higher. This difference disappears for images measured using larger values of the bias voltages, and it is not related to a structural corrugation but it is mainly due to the variation in the local density of states close to the Fermi level when moving from one stacking sequence to the other (23, 24, 47) .
After the graphene growth, the resulting surface is covered with large single crystal domains with lateral sizes ranging from 400 nm (20) up to 100 μm (47). If sufficient carbon is dosed to the ruthenium surface from a suitable hydrocarbon, the graphene domains coalesce to complete a layer (20, 41, 47) . At that point, the reaction for the decomposition of the hydrocarbon by the Ru surface is self-terminated. The only way to grow a second graphene layer is dissolving carbon on the bulk ruthenium at higher temperatures (47) and then, lower the Ru(0001) temperature to promote the segregation to the surface of the dissolved carbon, the second graphene layer grows bellow the first one grown by direct decomposition of hydrocarbons (47). 
Section S2. TCNQ on clean Ru(0001)
The behavior of the TCNQ molecules is very different when deposited on clean Ru(0001) in comparison to gr-Ru(0001). TCNQ deposited on clean Ru(0001) with the substrate at room temperature remain isolated and seems randomly distributed on the surface. This is an indication that they do not diffuse on Ru(0001) contrary to what happen when deposited on gr-R(0001) or gr-Ir(111) where a similar amount of TCNQ molecules results in the formation of TCNQ dimers and clusters due to diffusion (29) . From the image is also clear that the TCNQ molecular orbital are strongly hybridized with the Ru(0001) surface. Contrary to what happen when the TCNQ are deposited on gr-Ru(0001) the STM images do not show any intramolecular resolution and the TCNQs appear as bright bumps on the images. In its neutral form, the TCNQ molecule exhibits a quinoid character, with single-double bond alternation. The molecular structure changes when an electron is transferred to the TCNQ (49). The introduction of the negative charge leads to the aromatization of the central ring, which loses its quinoid character; this can only be accomplished by changing the exocyclic double bonds in the neutral molecule to single bonds in the anion form. The extra electron is accommodated in the LUMO orbital of the neutral TCNQ molecule with higher electron density alternating over the two dicyanomethylene ends, so that one of the molecular ends remains radical in character, whereas the other end loses the radicaloid character by accumulating the extra electron (49).
Section S4. TCNQ-CH2CN in gas phase
To analyze the interaction mechanism between the TCNQ molecule and the -CH2CN group we carried out geometry optimizations for the molecules in gas phase at different level of theory.
We first used the PAW method (50), as implemented in VASP (37), using a PW cut-off of 400eV, the PBE exchange-correlation functional (51), and a cubic unit cell with lateral size of 25Å. We analyzed 6 different starting positions (see fig. S3A ); in all cases, in the initial position, the -CH2CN group was placed flat with the C-H2 atom right above the ring C atom (Geometries 1-3) or the exocyclic C atom (Geometries 4-6); the -CH2CN group was placed so that the C-N group pointed at different angles with respect to the TCNQ long axis. With these starting conditions, we optimized each system, relaxing the coordinates of all the atoms and using strict convergence criteria of 10 -5 eV for the selfconsistent cycles and 0.01eV/Å for the maximum force.
With the output coordinates of the VASP calculations, we further optimized the geometry using the GAUSSIAN code (52). First we used the unrestricted triple-zeta Pople's 6-311++G(d,p) basis (50), the B3LYP functional (51,53), without imposing any constraint on the molecular symmetry. Then, using the same basis and restrictions, we employed the second order Møller-Plesset perturbation theory (MP2) (54), analysing the neutral system and the -1e charged system. In the geometry optimization, a full relaxation of all the coordinates was carried out without imposing any condition to the symmetry of the molecule. At the end of each geometry optimization, the final maximum residual force was less than 0.01eV/Å. In table S1 we show the binding energies, calculated as E(reactive molecules)-E(product), E(product) being the total energy as obtained at the end of the geometry optimization at the given theory level. The starting positions 1-3 did not lead to robust geometry configurations as they did not converge at the MP2 level of theory. This fact confirms that the exocyclic C atom of TCNQ takes part in the newly formed C-C bond. The geometries of the most stable configurations are given in fig. S3B ("Geo4" is also present in Fig. 2 of the main text) and are obtained starting from the input geometries Geo4 and Geo6. The starting position of Geo5 also leads to a geometry configuration equivalent to that of Geo6. In both cases, the bond length for the newly formed C-C bond is 1.56-1.57Å, which is similar to the nominal value of the bond length of a single C-C bond (55). It is interesting noticing that the Geo6 configuration has the lowest energy when neutral molecules are considered, however the Geo4 configuration is the most favorable when charged molecules are considered. As shown in section S5, when adsorbed on gr-Ru(0001), the product molecule acquires an extra electron and the lowest energy configuration of the molecule adsorbed on the grRu(0001) surface is similar to Geo4. In any case, the energy difference between the Geo4 and the Geo6 final configurations is small, suggesting that the CH2CN group may rotate at different angles in normal conditions. Finally, we observe that in the newly formed molecule, the TCNQ group is bent due to the presence of the -CH2CN group; furthermore, in the -CH2CN group the C atom participating in the C-C bond has now a "tetrahedral geometry". It is worth mentioning that both molecules have planar structure when isolated. Table S1 . TCNQ-CH2CN binding energies in the gas phase calculations. Binding energy in eV after the geometry optimization at each theory level; a positive number indicates an exothermic reaction. In the charged case, a charged TCNQ molecule and a neutral CH2CN radical are used as reference.
Binding Energy (eV) 
Section S5. TCNQ-CH2CN/gr-Ru(0001) adsorption configuration
In order to understand the interaction mechanism between the product and the grRu(0001) interface we carried out an adsorption study of the pre-constituted TCNQ-CH2CN product molecule (see section S4) over the surface. In all the calculations, we used the PAW method (50) as implemented in VASP (37), using the PBE exchange correlation functional (51) and the Tkatchenko-Sheffler (38) correction to include weak dispersion forces. The gr-Ru(0001) surface was modeled by a three layer thick (10×10) Ru slab with a (11×11) graphene supercell adsorbed on one side; this model was already proved to provide an accurate description of the moiré pattern and the connected properties of the grRu(0001) interface. We proceeded to study the adsorption placing the product molecule over different positions of the moiré and relaxing the coordinates of the molecule atoms and the atoms of graphene up to the point in which the maximum force acting on the active atoms was less than 0.01eV/Å. Brillouin Zone integrations were limited to the Γ point whereas a vacuum region of 10Å minimum was used in order to avoid spurious interaction between the system replicas.
The DFT based study revealed that the adsorption of the product molecule on the surface is an exothermic process. The equilibrium configuration is dictated by the TCNQ graphene interaction; in fact, the most stable configurations were obtained when the TCNQ group of the product molecule was directly over the surface with the -CH2CN group pointing towards the vacuum (see Fig. 3 in the main text); other configurations with the product "upside-down" resulted in a final energy higher by at least 0.5eV. The products are adsorbed preferentially in the lower part of the moiré. As for the -CH2CN group orientation with respect to the TCNQ long axis, we found that the most stable configuration in all the analyzed parts of the moiré is obtained for a geometry resembling Geo4 of the section S4 (see fig. S3B ). The adsorption of Geo6 resulted in a slightly higher energy (of the order of 0.1eV). Interestingly, we found that, analyzing other possible angles between the -CH2CN group and the TCNQ long axis, the Geo4 and Geo6 configurations are minima connected by an energy barrier of less than 0.3eV. This result, which is consistent with the gas phase calculations, suggests that during the STM topography measurement the -CH2CN group rotates due to the interaction with the STM tip. Therefore, in the TCNQ-CH2CN molecule we lose the atomic resolution on one end of the molecule, namely the part that presents the -CH2CN group. The latter appears as a bright circular bump because it can rotate at different angles.
Another interesting point is represented by the adsorption zone of the TCNQ-CH2CN in the low part of the moiré, and the relative position of the -CH2CN group with respect to the moiré (on what end of the TCNQ the -CH2CN group is placed). In the STM topography the product molecule is always found in the "bridge" area with the -CH2CN group pointing toward the FCC-Top zone. For this reason, we studied the binding energy of the molecule in the Geo4 configuration over the three different zones of the low part of the moiré and with the two possible relative positions for the -CH2CN group, called "Left" or "Right"; we recall that with this convention the experimentally found configuration is Bridge-Right. The binding energies obtained from our study range from 3.04 eV for the FCC-Top Right configuration to 3.31 eV for the Bridge Right configuration. Here, the binding energy is defined as EFM -EAM,where EAM is the total energy at the end of the geometry optimization for the adsorbed molecule in the Geo4 configuration in the given area, and EFM is the energy of a system made of the gr-Ru(0001) surface and the product molecule in the Geo4 configuration placed far away from the surface.
The most stable configuration for the adsorption of the product molecule is "BridgeRight", in excellent agreement with the experiments. It is worth mentioning that, before the reaction, the -CH2CN group was exclusively adsorbed on the HCP-Top part of the moiré. The low energy difference between the other configurations suggests that, after the reaction, the product molecule displaces from the HCP-Top region to the final BridgeRight position to reach the minimum energy configuration. In agreement with this vision, we observe that in the equilibrium position, despite the bent configuration of the TCNQ group of the product molecule, the minimum distance between the product molecule atoms and the graphene surface is ~3Å. This fact bears out that the molecule is physisorbed on the surface and no covalent bond is formed between the molecule atoms and the graphene ones. Eventually, we calculated the charge transfer from the substrate to the molecule employing the partitioning methods of atoms in molecules first introduced by Bader (39). Interestingly, despite the absence of a covalent bond, our calculations demonstrate that a sizeable charge transfer takes place upon adsorption. We found that the TCNQ-CH2CN molecule is a good electron acceptor, whereas the gr-Ru (0001) 
Section S6. Reaction pathway
To obtain a more detailed knowledge of the mechanism of the TCNQ-CH2CN reaction, DFT-based search for saddle point were carried out, using the GAUSSIAN (52). In this case, the geometric structures of initial, final and transition states (TS) were optimized using the B3LYP functional (54, 55) in combination with the double-zeta Pople's 6-31++G(d) basis set (56). To reduce the computational cost, we took advantage of the plane reflection symmetry present in atom arrangement of the TCNQ-CH2CN molecule.
Frequency analyses were performed on the optimized structures to verify that the initial and final structures are real minima, having only real vibration frequencies, and transition states are real saddle points, presenting only one imaginary vibration frequency, corresponding to the motion along the reaction coordinate. All calculations were conducted in gas phase. All the calculated energies of intermediate and transition states discussed here refer to the standard Gibbs free energies (G) in eV, considering the ZPE (zero-point energy) correction. ΔG of one reaction is equal to the value difference of Gibbs free energy between the transition states and the reactants. Considering the fact that before the chemical reaction the CH2CN is covalently bonded to the graphene layer, we explore the possibility of a SN2 mechanism for the reaction. First we analyse the chemical reaction for the unperturbed molecules TCNQ and acetonitrile (CH3CN) in gas phase. In this model, following the nomenclature for a SN2 reaction, the leaving group is a hydrogen atom from the acetonitrile molecule. The calculated energy barrier is 4.91eV (113.21Kcal/mol) (see fig. S4A ). As observed in the main text, this reaction is rather unlikely to occur under non catalysed conditions.
In order to understand the catalytic role played by graphene we considered a simple model, in which the initial structure is the CH2CN molecule covalently bonded to a graphene-like molecule including 36 benzene rings (C97H27). This model allows us to search for saddle points and evaluate tendencies between different scenarios, keeping reasonable the computational cost. Due to the increased number of degrees of freedom and to the fact that different possible relative orientation for the TCNQ-CH2CN with respect to the graphene plane are possible, we explored either one step or two steps mechanisms. It turns out that, due to high steric hindrance, no stable TS in one-step mechanisms were found. On the other hand, an energetically plausible two-step pathway was found and is sketched in fig. S4B . The first step follows a typical SN2 mechanism. The calculated TS shows the formation of a TCNQ···CH2CN···graphene system, where the CH2CN is simultaneously forming a new C-C bond with the TCNQ and breaking another C-C bond with the graphene layer. Note that in this reaction mechanism, the graphene-like fragment acts as a leaving group, which recovers its fully conjugated structure, where all C atoms are sp 2 hybridized. The calculated energy barrier is 0.77eV (ca. 17.8kcal/mol). The second step is either rotation around the central core-exocyclic carbon single bond or tumbling of the whole TCNQ-CH2CN around its own axis to maximize the van der Waals interactions with the graphene layer; both possibilities for the second step are barrierless. We stress here the fact that the addition of a simple graphene model lowered the energy barrier by roughly one order of magnitude. We also note that the obtained energy barrier, even though still quite high, is more in line with the reaction proceeding under our experimental conditions. Similar reactions between TCNQ and cyclic enol ethers have been observed in bulk previously (57).
Section S7. Negative differential conductance
In the main text, we have discussed the appearance of a negative differential conductance (NDC) region at -1.5eV in the dI/dV spectra of the TCNQ-CH2CN molecule deposited on the gr-Ru(0001) surface. The fact that the NDC is found for the TCNQ-CH2CN but not for the pristine TCNQ suggests that the coupling between the molecule and the surface is smaller for the TCNQ-CH2CN than for pristine TCNQ (58). This fact can be qualitatively understood observing that the bending of the TCNQ in the TCNQ-CH2CN molecule after the reaction causes that some TCNQ atoms in the product molecule are farther away from the graphene layer compared with the pristine TCNQ case. More interestingly, as shown in fig. S5A , the experimental results show a dependence on the "intensity" of the NDC, depending on the location of the STM tip with respect to the molecule. A stronger NDC is found when the spectra are acquired over the -CH2CN group (blue spectrum and blue dot), whereas the "conductance anomaly" goes to zero as the STM tip is displaced over the TCNQ group of the product molecule (red spectrum and red dot). In order to understand the variation along the molecule in the strength of the coupling between the TCNQ-CH2CN and the gr-Ru(0001) surface, and its difference with pristine TCNQ, we calculated the redistribution of the electronic density (Δρ), upon adsorption of the molecules. Δρ was calculated as follows: given the final adsorption positions, three different single point DFT runs were carried out. In the first run the total electron density was calculated for the entire system (Molecule+Surface): ρ(Mol-G-Ru). Then two additional runs were carried out in which, either the surface or the molecule atoms were removed from the system, while the coordinates of the remaining atoms were kept unaltered. From these two runs the electronic density of the molecule ρ(Mol) and of the gr-Ru(0001) surface ρ(G-Ru) were calculated. The electronic density redistribution was hence calculated as Δρ= ρ(Mol-G-Ru) -ρ(G-Ru)-ρ(Mol).
In figure S5B we report two vertical cuts of the electron density redistribution calculated in the case of the TCNQ-CH2CN molecule adsorbed over the gr-Ru(0001) surface. It is possible to see that the extra electron acquired by the molecule is located mainly on the TCNQ group of the molecule (red regions). We also find a charge depletion region (blue) in between the molecule and the graphene surface. More interestingly, in each cut, the asymmetry of the charge redistribution along the x-axis is evident and reflects the different molecule-surface interaction: the coupling is stronger on the CH2CN-free end of the molecule. This fact explains the variation of the observed negative differential conductance when the STM tip was moved along the molecule axis. To complete the analysis, we carried out a similar calculation for a pristine TCNQ molecule, adsorbed in the same region of the moiré ( fig. S5C ). It is interesting to notice that in this latter case the Δρ is equal at the two opposite ends of the molecule.
Section S8. TCNQ and TCNQ-CH2CN molecular orbitals
As demonstrated in section S5, the main interaction between the TCNQ-CH2CN molecule and the gr-Ru(0001) surface is not of a covalent nature and it takes place mostly through the TCNQ part of the product molecule. Here we analyze the molecular orbitals (MOs) of the TCNQ-CH2CN molecule and their relation with i) the MO of the isolated TCNQ molecule and ii) the projected density of state (pDOS) over the product molecule when adsorbed on the surface.
TCNQ
First we analyze some of the MOs of the isolated, neutral TCNQ. In fig. S6A , we reproduced the geometry (top part) and the wavefunctions for the 50 th , 51 st , 52 nd , and 53 rd MOs of neutral pristine TCNQ in gas phase. The 52 nd is the HOMO and it is doubly occupied in the neutral molecule; the 53 rd is the LUMO and is completely empty in the neutral molecule whereas it is singly occupied in the charged -1e molecule. It is worth mentioning that qualitatively similar shapes as the one shown in fig. S6A are obtained in the case of the charged (-1e) molecule, meaning that the present discussion does not depend on the charge status of the molecule. On the other hand, the energy of each MO+spin component changes dramatically with the charge status of the molecule. This effect is discussed in detail in section 9.
TCNQ-CH2CN
In fig. S6B we reported the MO for the TCNQ-CH2CN product molecule in the charged (-1e) state; we recall that this is the charge configuration that the product molecule experiences when adsorbed on the gr-Ru(0001) surface, as determined by the Bader analysis (see section S5). In addition, also in this case we verified that the qualitative shape of each MO is independent on the charge status of the molecule. MO=63 can be considered the HOMO of the molecule since it is singly occupied for the neutral molecule and it is doubly occupied in the -1e charged molecule (a more detailed discussion is given in section S9); we also observe that it is not possible to display the lowest unoccupied molecular orbital for the TCNQ-CH2CN molecule (i.e. the LUMO) because it has a positive energy (in either investigated charge status) so the corresponding wavefunction is not reliable.
Comparing panels A and B in fig. S6 ,we see that it is possible to identify similarities between the MOs of the two molecular species, having the following correspondences: MO=61Product ↔ MO=50TCNQ, MO=62Product ↔ MO=51TCNQ, and MO=63Product ↔ MO=53TCNQ. Interestingly, it is not possible to find in the TCNQ-CH2CN a MO resembling MO=52TCNQ. We see that in the matching cases the -CH2CN new part in the product affects only the TCNQ end on which it is bonded, whereas the MO in the other half of the TCNQ part is practically untouched. This fact can qualitatively explain the "disappearance" of MO=52TCNQ (that is the HOMO of pristine TCNQ). Indeed, this MO has no nodal planes that are vertical with respect to the long axis of the TCNQ. Adding the -CH2CN group distorts the TCNQ group and destroys some of the symmetries that drive the MO=52TCNQ derived state to high energies. 
TCNQ-CH2CN on gr-Ru(0001)
When the product molecule is adsorbed on the gr-Ru(0001) surface, the molecular orbitals of the molecule generate distinctive peaks in the pDOS of the system. For this reason in fig. S7 we analyze the pDOS of the TCNQ-CH2CN on gr-Ru(0001) system in the equilibrium position. In fig. S7A we report the DOS projected on different group of atoms, in a [-3,3] eV energy window around the Fermi level. We observe that below the Fermi level the occupied molecular orbitals of the TCNQ-CH2CN molecule give rise to two pDOS peaks. For positive energies, on the other hand, we find a series of peaks starting around 2eV, which are generated by the empty molecular orbitals of the TCNQ-CH2CN molecule.
In order to determine the MOs that generate each pDOS peaks we calculated three simulated STM images employing the Tersoff-Haman method(40). For each image we integrated the electron density in a suitable energy window Eint, containing the desired pDOS peak, and displayed the iso-surface (Isov) associated to a nominal tunneling current It by the relation Isov(Å -3 )=2×10 -4 √It(nA). Comparing fig. S6 (B-D) with fig. S7B , it is possible to assign to each pDOS peak the corresponding MO of the product molecule. In particular, we observe that the HOMO of the product molecule (MO=63) generates a pDOS peak at -0.5eV (the highest weight being on the TCNQ-group). In the same way we can also identify the HOMO-1 (MO=62) and HOMO-2 (MO=61) states in the (double) pDOS peak at -2.8eV.
Fig. S7. pDOS and molecular orbitals of TCNQ-CH2CN deposited on gr-Ru(0001).
(A) DOS projected over different atom groups. (B-D) the electron density is integrated over the indicated energy interval "Eint" to image a selected MO of the TCNQ-CH2CN molecule: the iso-surfaces corresponding to the indicated value "Isov" are given as a density plot; the in-plane unit cell of the calculation is marked by the black dashed line.
Section S9. Molecular orbitals occupancy and Kondo effect

TCNQ-CH2CN
To clarify the magnetic properties of the TCNQ-CH2CN molecule and the role of the charge transfer in determining it, we studied the energy and occupation of the molecular orbitals of the TCNQ-CH2CN molecule in gas phase, taking full account of the spin polarization. Since, as shown in the main text and in section S5, the molecule acquires an extra electron when adsorbed on the gr-Ru(0001) surface, we analyzed the energy and the occupations in both the neutral molecule and the charged (-1e) one. It is worth mentioning that, in its neutral configuration, the TCNQ-CH2CN molecule has an odd number of electrons, namely 125, hence it has a doublet spin multiplicity in its equilibrium configuration. For this reason, as shown in fig. S8 top, its 63 rd molecular orbital (we called it HOMO in section S8) is singly occupied in normal condition. If the molecule acquires an extra electron, the total number of electrons is even, the charged molecule is a spin singlet, and the 63 rd MO is doubly occupied. Hence, the product molecule should exhibit no net magnetic moment when adsorbed on gr-Ru(0001), as a consequence of the surfacemolecule charge transfer. To confirm this finding, we carried out a spin polarized DFT calculation on the product molecule adsorbed on the gr-Ru(0001) surface and calculated a spin resolved pDOS. In fig. S8 bottom, the DOS was projected over the molecule atoms, and shows zero asymmetry between the two spin components. Since the adsorbed molecule does not present net magnetic moment, no Kondo effect is expected in this case, in excellent agreement with the experimental measurements. fig. S7 ).
TCNQ
In order to clarify the difference between the product molecule and the pristine TCNQ molecule, we carried out an occupancy study for the TCNQ molecule in gas phase ( fig. S9  top) and adsorbed on the gr-Ru(0001) surface in a bridge position ( fig. S9 bottom) . In the pristine neutral form, the TCNQ molecule has an even number of electrons, namely 104, hence its equilibrium configuration is characterized by a spin singlet and a doubly occupied HOMO (the 52 nd MO). As already pointed out in section S3 and in the main text, when TCNQ acquires an extra electron the equilibrium configuration is characterized by a doublet spin and a singly occupied LUMO (53 rd MO or SOMO). We also point out that, as already demonstrated by Garnica et al. (16) , the TCNQ molecule acquires an extra electron when adsorbed on the gr-Ru(0001) surface and, since it is almost decoupled from the substrate by the graphene layer, it preserves its net magnetic moment. In fact, the spin resolved DOS, projected on the TCNQ atoms, presents a sizable spin asymmetry that gives rise to the Kondo peak in the low temperature dI/dV spectra. Section S10. Single-molecule manipulation and reaction reversibility Figure S10 shows an example of the controlled break of the C-C bond in a single molecule by the injection of electrons in the LUMO of the TCNQ-CH2CN molecule using the STM tip. To break the C-C bond in a single molecule, in a first step the STM tip is located on the CH2CN group of the molecule (cf. dot in fig. S9A ). To move the STM tip to the position we used the same tunnel parameters that are used for the acquisition of the topographic image shown in fig. S10A (i. e. Vb = -1.0V and It = 20pA); this choice minimizes the interaction between the tip and the molecule. Once the tip is located on the CH2CN group, the feedback is disconnected and the tunnel voltage is ramped at a rate of 0.3V per second while the tunnel current is recorded. It is worth mentioning that during this procedure the STM tip is fixed in space, since the X-Y scan is interrupted and the feedback is disconnected. Fig. S10C shows the evolution of the tunnel current with the voltage, for bias voltages higher than + 0.5V. When the voltage value gets close to +2V, there is a sudden decrease in the tunnel current indicating that, either the molecule has moved to another positon, or it has undergone a change in its conformation.
The topographic image of fig. S10B has been recorded just after the acquisition of the spectrum shown in fig. S10C , and demonstrates that the injection of electrons at high positive bias values (> +1.7V) removes the CH2CN group from the product molecule even for rather low values of the tunneling current. This process is completely reproducible with a success rate close to 100%.
